Ocular and/or vision defects are one of the commonest reasons for the referral of young children to hospital. In a survey of a birth cohort in one health district, 7*1% of children were diagnosed as having such defects by their fifth birthday; 2-1% were detected before the age of2 years, and 5-1% between 2 and 5 years. Up to the age of 2 years, low birthweight children and those who require postnatal special care had a higher risk of having an ocular or vision defect diagnosed and were more likely to have serious visual impairment than other children. In contrast, between the ages of 2 and 5 years of age these high risk children showed no continuing increased risk ofhaving a defect diagnosed, nor did they show any differences in the severity or type of vision defects compared with other children. Averaged over the years studied, the incidence of defects presenting to specialist eye clinics among all 2-5 year olds was 1-7%, higher than the 1-1% found for 0-2 year olds. This increase consisted primarily of children with refractive errors only.
The assessment of need should be an integral part of planning the purchase and provision of appropriate health care services for a community. Diverse Ocular and/or vision defects are probably the commonest reason for the referral of preschool children to hospital,' and consequently considerable health service resources are allocated for treatment of such conditions in this age group. This paper reports a survey of ocular and/or vision defects detected in a cohort of children born in 1984 and followed up until the age of 5 years. The aim of the study was to determine the demand incidence of different conditions in order to plan the efficient deployment of resources within the eye hospital and community services to meet the vision health care needs of preschool children.
Most research on the incidence of vision defects in young children has focused on strabismus and amblyopia.'-' Although other defects are less common, they may account for a disproportionate amount ofresources and resultant disability or handicap. Two previous studies have investigated all vision defects. One was a cross sectional survey of 4 year olds6 and the other was a longitudinal survey from birth to 6 years of age. 7 Different subgroups within an age group may also have varying requirements -for example, on account of previous medical history. A previous paper,8 which reviewed the cohort from birth up to 2 years of age (0-2 years), showed that 'high risk' children (infants of low birth weight and those who required admission to a special care nursery for longer than 24 hours' in the neonatal period) have an increased risk of an ocular or vision defect, although the high risk group accounted for only 15% of all defects detected. High risk children were at particular risk of specific severe types of defect, especially of neurological origin. Many of these patients presented with heterotropia which was most frequently attributed to cerebral palsy.
This paper concentrates on data collected from the continued follow up of the 1984 birth cohort up to 5 years of age (2-5 years). Comparisons are also made between the data for 0-2 year olds and 2-5 year olds. The following questions were of particular interest with respect to the planning of appropriate vision care provision for preschool children.
Firstly, in view of previous evidence of the increased incidence of ocular/vision defects in high risk children,8 we were concerned to investigate whether such children continue to show a significantly higher incidence of vision defects.
Secondly, we wanted to document the incidence of ocular/vision defects throughout the preschool period and to investigate whether the spectrum of defects changes as children become older. For example, previous studies have shown that the incidence of strabismus changes during early childhood,2A79 although there is some disagreement about the age at which incidence peaks. (Since most of the studies report rates of presentation for treatment, it is perhaps not surprising to find variation across studies since estimates will depend on the methods and timing of programmes for detection.) From the point of view of service planning, it is also important to consider the proportion of all ocular/vision defects accounted for by each condition, in addition to the incidence of particular conditions.
Related to the changing spectrum of defects with age, it was also ofinterest to record the most common sources of referral for a specialist ophthalmic opinion. A knowledge of the professional groups most likely to be seeing and referring children allows targeting of any future resource investment to improve the provision of care. One would expect manifest congenital defects to be detected at an early age by paediatricians, general practitioners, and clinical medical officers, with more subtle defects being detected by orthoptists at a later age (frequently when visual acuity testing becomes possible). The annual incidence of all defects in the high risk group (averaged over the 2 and 3 years studied) dropped from 2X7% in 0-2 year olds to *Heterotropia and heterophoria categories include only those children in whom these conditions were the primary pathologies.
1-3% in 2-5 year olds, but increased in the low risk group from 09% (0-2 years) to 1-7% (2-5 years). The overall incidence was high in the first year of life (1P37%, 95% CLs 1-09% to 1-65%), lower in years 2 and 3 (0 75%, 95% CLs 054% to 096% and 1-10%, 95% CLs 0-84% to 1-35% respectively) and higher again in years 4 and 5 (2 46%, 95% CLs 2-08% to 2-84% and 1-63%, 95% CLs 1-32% to 1-94%). By 5 years of age, 7-10% (95% CLs 6-48% to 7 72%) of all children had been diagnosed as having an ocular or vision defect. Figure 1 shows the rate of presentation of ocular and vision defects during the first 5 years of life. It was considered important to establish whether any serious vision defects had been overlooked by the primary vision care services provided for 0-2 year olds and, if so, why this might have occurred. There were only four serious defects referred between 2 and 5 years. One high risk child had a field defect resulting from a known neurological condition. The other three children had intraocular pathologies and were in the low risk group; two were found to have lens opacities and one had myelinated retinal nerve fibres (see Table 2 ).
There were also six cases of periorbital pathologies among the 2-5 year olds, which were likely to have been present from infancy (see Table 2 ). Five involved extraocular muscle abnormalities, but in all cases the children had binocular single vision in the primary position. The sixth child had a slight unilateral ptosis of unknown origin.
In order to look more closely at changes in the pattern of referrals by age, some defects were pooled to give four categories (see Table 3 ), (a) heterotropia, (b) heterophoria, (c) refractive error only, and (d) 'other' (which included 'serious' defects). Children with multiple defects were classified according to the most serious pathology. The pattern of defects was very different across the two age groups (X2=85 -79, df 3, p<0-001), resulting primarily from relatively fewer children diagnosed as having 'other' defects and more children with refractive errors only between 2-5 years. There was also a suggestion that heterotropia was less likely to be diagnosed between 2 to 5 years than from birth to 2 years of age. Table 4 gives a more detailed breakdown of the heterotropias and heterophorias diagnosed between 0-2 years and 2-5 years. There were Ocularand visin defects in preschool children 13) (29) (28) (64) (40) (50) (25) - (20) (48) p<0-0l). Table 5 shows the sources of referrals by age. A comparison of sources of referrals between age groups (pooled across high and low risk children), showed a significant difference (X2=64-7O0 df 3, p<0-001). A much higher proportion of referrals between 2-5 years resulted from OVS, whereas general practitioners and paediatricians referred a higher proportion of 0-2 year olds. There was also a significant difference between the sources of referrals for high and low risk children aged 0-2 years (X2=3073, df 3, p<0-001) but not for children aged 2-5 years. Paediatricians referred a higher proportion of high risk 0-2 year olds (which were likely to be cases with serious defects), whereas general practitioners and OVS accounted for the majority of low risk referrals. Table 6 shows the total number of referrals in the two age groups, divided into false positives (no defect found) and true positives. A significantly higher proportion of false-positives was referred between 0-2 years than between 2-5 years (x2= 17-50, df 1, p<0001).
Discussion
The main aim of this survey was to document the way in which the spectrum of defects and the overall incidence of defects changes with age. Serious defects, detectable without the need of It should be pointed out that the estimates of the incidence ofocular and vision defects derived from the data are 'demand' incidences -that is, the incidences ofchildren attending at eye clinics for a specialist ophthalmic or orthoptic opinion. Some children did not attend a clinic when they were referred. It is possible that these children were managed within the community by optometrists or were treated privately.
The proportion of preschool children in the Oxford health district with defects found in this study (7-1%) agrees well with the figure reported previously for Oxford city only (7-6% for the same age group).7 Comparison with Kohler's study' 6 is not straightforward because he used a cross-sectional survey method. Also, children were not followed up to obtain definitive diagnoses for suspects. Kohler' reports an overall prevalence of ocular/vision defects of 8-9%, although it is not clear which suspects are included to give this estimate. Accepting this figure, any difference is likely to reflect the way in which children with defects were detected. The current study estimated the demand incidence for the hospital eye service from children detected on referral, whereas Kohler's prevalence estimate was derived from a community-based study of all children. Thus Kohler's estimate may be a more representative figure for the overall prevalence of defects in the whole population, while our own is a more appropriate estimate for the planning of the district's vision care services.
Given the changing incidence with age, the rate of referral merits closer scrutiny. From Figure 1 , it can be seen that there are two referral peaks. The first occurs at 6-9 months, and is presumably linked to vision screening carried out at 'well baby' clinics. A second peak occurs at about 42 months, which is considered to be the age when defects become more apparent because children are more easy to test, and when OVS (in Oxfordshire) has most impact with preschool children. This interpretation is supported by the fact that a much higher proportion of 2-5 year olds were referred through the OVS programme. In areas which do not have an OVS programme, the peak referral time may not be the same and the distribution ofreferral sources is also likely to differ. Interestingly, the bimodal pattern of incidence was not found in the previous study of defects in an Oxford city population of children born in 1978 and 1979,7 which showed a steady increase in incidence up to A further concern at the outset was whether some children with serious or readily detectable defects were not being referred by paediatricians or were being missed by primary vision screening (primarily health visitors and general practitioners) for babies and infants. Although some children with neurological, intraocular, and periorbital defects did present when aged more than 2 years, it was considered that they were cases which required expert ophthalmic examination or reasonable cooperation from the child for detection.
The high risk child was already known to have multiple handicaps and was under paediatric care, but had not been referred for a specialist ophthalmic opinion at an earlier age. From case record examination it was also evident that the three remaining patients with serious defects did not constitute cases which had been missed by the primary vision care services during infancy. The two patients with lens opacities did not have dense congenital cataracts (corrected visual acuities 6/36, 6/36, and 6/6, 6/5), and were only detected when visual acuities could be obtained. The third low risk child had myelinated nerve fibres in one eye only (visual acuities 6/6, 1/60) and was also only detected when a visual acuity for the affected eye could be measured. While it is not possible to give a guarantee that serious cases are not missed during infancy, our data suggest that in Oxfordshire such occurrences are extremely rare.
The six cases with periorbital pathologies had binocular single vision (BSV) in the primary position and were therefore unlikely to be detected through vision screening at an earlier age. Because they had BSV, the delay in referral would not have affected the vision outcome. Consideration of the specific periorbital defects found in the 2-5 year olds suggests a possible reason why they were not detected earlier. All of the cases had pathologies affecting upward eye movements, which are more difficult to detect in infants for two reasons. Young children tend to move their heads rather than their eyes when asked to look up, and epicanthic folds can mask abnormal movements on elevation in adduction.
This paper has documented the changing pattern and incidence of ocular and vision defects during early childhood, information which is vital for planning the provision of vision care. We have continued to follow the birth cohort to 8 years of age and are currently collating similar data for the older children. We are also exaniining the types of treatment and the outcomes of treatment for different ocular and vision defects, in order to search for ways to achieve increases in efficacy and efficiency in the provision of vision care.
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